brates has been well established.1,2) Humoral antibody production and cell-mediated immutemperature.3,4) Most studies of the effect of temperature on the immune response thus far have centered on those of poikilothermic vertebrates,5,6) but there seems to have been no reports concerning the influence of temperature on the immune response in homoiothermic vertebrates except that in hibernating animals.7,8) On the other hand, Tyrey and Nalbandov9) reported recently that circulating antibody production in the rat was remarkably reduced by anterior hypothalamic lesions. It. is well known that the temperature regulating center in homoiothermic vertebrates is located in the hypothalamus, which consists of two centers: 1) the anterior hypothalamus governs mainly heat dissipating reactions and 2) the posterior hypothalamus regulates heat conservation reactions. In this connection, it seems very possible that the thermal stimulus might also influence the immune response in homoiothermic vertebrates; and in addition, it seems of interest to determine whether the immune response in homoiothermic vertebrates is influenced by the environmental temperature as well as by that of poikilotherms.
During the experimental period, mice were housed 10 per cage in controlled climatic chambers which were artificially lighted from 7 A.M. to 7 P.M.. Food and water were available ad libitum throughout the course of the experiments.
Immunization. SRC were stored in modified Alsever's solution and washed 3 times with saline. Mice were immunized by a single 0.02ml per g body weight intraperitoneal injection were sacrificed and were bled from the femoral artery to collect serum samples. The sera antibody titration tests. Assay of antibody activity. Two methods of antibody titration were employed in this experiment.
Hemagglutination test (HA). Serial twofold dilutions of serum were made in 0.6% normal rabbit serum (NRS) with phosphate buffered saline (PBS), pH 7.4, in radial U-type bottom micro titration plates. Twenty five microliters of a 0.33% suspension of SRC in NRS was added to 0.025ml diluted serum. The suspensions were mixed and incubated for 2hrs at room temperature.
The end point of the positive reaction was determined as plus 3 defined by Jacobs and Lunde.10)
Hemolytic reaction (HR). To 0.025ml of serial twofold diluted serum was added 0.025ml of 0.5% suspension of SRC in veronal buffered saline with Ca and Mg ions diluted with gelatin water (Barbital Gelatin Saline, BGS). After that, 0.025ml of guinea pig complement at a concentration of 3.8C' H50/ml was added into each well. The plates were then incubatclassified into 5 types, from 0 to 4 plus. In the 0 reaction, the pattern of a well bottom shows a large blood disc with clear surroundings without hemolysis. In plus 1, the blood disc is also large but a faint yellowish colour is seen in the surroundings.
In plus 2, hemolysis is clearly obsersed with a smaller red disc. In plus 3, cells are mostly hemolysed and the colourless sediment remains in the bottom. In plus 4, complete hemolysis is occurring without any sediment. Plus 3 was defined as the end point of the reaction.
Plaque forming test. The plaque technique of Jerne, Nordin and Henry11) was employed to detect splenic plaque forming cells (PFC).
A duplicate assay was made for each spleen sample.
Treatment with 2-mercaptoethanol (2-ME). About 0.5ml of sera were mixed with the samples were then dialysed for 24 firs against PBS to remove 2-ME. Control samples were mixed with PBS in place of the 2-ME, allowed to react and then dialysed against PBS for 24hrs. After acclimatization for 3 weeks, mice from two groups were given a single injection of SRC and killed from 2 to 60 days after antigen stimulation.
RESULTS
Antibody activities of sera were assayed by HA and HR tests and splenic PFC were counted at the same time. The overall results of this experiment are summarized in Fig. 2 . Serum antibody titers by both HA and HR tests were very similar; they were detected 4 days after antigen stimulation and peak titers were attained on day 5 or 6. HR titer increased to the peak more steeply and decreased more rapidly than HA titer. There was no difference in the humoral antibody dust after immunization (Group D), HA titers became higher especially on day 3 (P<0.01) ( Fig. 5 ). Although HA titers of Group D were apt to be higher than those of Group B in the initial phase of the immunological response, they became rather lower in the terminal phase. Difference of HR titers between two groups were not as obvious as that of HA titers, but the same tendency could be seen in both of them. It could be suggested from Fig. 4 and 5 that the time lag of the immune response was the result of the mice being Experiment 3. The preceding data indicate that sudden change of environmental temperature just after antigen stimulation gives a rather remarkable influence on the immune response of mice. The third experiment was designed to determined the time of the shift of environmental temperature after or before antigen stimulation which is most effective in ately after transfer, while the other 10 received antigen 1 day after and the remaining 10 mice 2 day after transfer. The other 30 mice were immunized previously, and 10 of them after and the last 10 mice were transferred 3 days after immunization.
All the mice were sacrificed on day 4 after immunization and HA activities of sera as well as sera treated with day before immunization was suppressed most remarkably as compared with control mice (P<0.01), and HA titers of mice transferred 3 days before and 1 day after immunization were also suppressed (P<0.05 which were significantly lower than those attained in control rats. They proposed the possibility that ablation of the anterior hypothalamic area may result in an increased activity of the pituitary-adrenal axis which acts to suppress the development of normal antibody titers.
These results can be regarded as evidence that thermal environment may influence the immune response of homoiothermic vertebrates.
In the present study, we could not observe any difference in both cellular and humoral immune responses between mice acclimalevels were observed especially in the initial phase of immune response when mice were transferred to low temperature after or before antigen stimulation.
Conversely, increased one day before antigen stimulation.
These results indicate that the change of environmental temperature just before or after antigen stimulation can exert a rather profound influence on the immune response of the homoiothermic vertebrates.
As is wellknown, the anterior hypothalamus is one of the temperature regulating centers which governs heat dissipating reactions. The point is what kind of stimulation has an equal effect on the anterior hypothalamus lesion. It seems that the acclimatization to low temperature cannot be the stimulation to anterior hypothalamus, but the sudden exposure to low environmental temperature resulted in a decreased circulating titer which was similar to anterior hypothalamus lesions. This effect was only temporary because the change of environmental temperature did not continue to be "the stimulation" for a long time. Stimulation of the temperature regulating center ceased when animals began to adapt to a new ambient temperature.
The question is whether the transfer from high to low temperature elicits a temporary inhibition of immune response in homoiothermic vertebrates that depends upon the simple inhibition of the release of antibody or depends upon the inhibition of the antibody production. Tyrey and Nalbandov9) postulated that lesion-induced increase in pituitary-adrenal activity would be a resonable mechanism to account for the considerable depression of circulating antibody titers which are associated with anterior hypothalamic lesions in the rat. Streng and Nathan13) reported that the increase in spleen weight and PFC count in steroid deficient mice was responsible for the increase in 19S plaque-forming cells. In the present study, we noticed that the suppressed antibody levels in the initial phase of the immune res- is currently being studied in our laboratory.
SUMMARY
The influence of low ambient temperature on the immune response was studied in mice following a single injection of sheep red cells. tion resulted in a corresponding decrease or increase mainly in 19S antibody activity on day 4. The results indicate that sudden temperature change may bring about profound effect in the induction of the immune response.
